Abstract
Introduction
The chick skin can be divided into different domains: pterylae (feather area), semi-apteria (with a few feathers) and apteria (glabrous area) ( ; ). The future pterylae are characterized by the formation of dense dermis ( ). In the Mayerson and Fallen, 1985 Sengel, 1976 Sengel, 1976 dorsal pterylae, this occurs from days 5 to 6.5 of incubation (stages HH25 to HH29 ( )), and at day 7 (HH30) the Hamburger and Hamilton, 1951 midline, where the first row of feathers will appear, undergoes a further density increase. Before cell migration occurs, leading to dermal condensation, cells proliferate until a threshold is reached (2.60 nuclei/1000 m ( ; ; μ 3 Desbiens et al., 1991 Jiang and Chuong, 1992 Wessells, ) ). In contrast, in semi-apteria the cell density remains under this threshold: 2.0 nuclei/1000 m ( ). When cell 1965 μ 3 Olivera-Martinez et al., 2001 density exceeds the threshold, proliferation stops and there is redistribution ( ) of cells to form dermal condensations (5.52 Michon et al., 2007 nuclei/1000 m , ( )) under placodes. These two structures form the feather primordium. The lateral propagation of this process μ 3 Wessells, 1965 creates a hexagonal feather pattern.
Numerous pathway (
) have been implicated in the cross-talk between the epidermis and the dense dermis ( ) Chuong, 1998 Dhouailly, 1977 leading to feather morphogenesis. The exact regulation of the cross-talk, in the narrow time window available for primordium formation is not clear. The different signals involved in feather primordium formation are classified as activators and as inhibitors ( ). The FGF Jung et al., 1998 pathway, an activator pathway, is implicated in both epidermal and dermal differentiation ( ; ). Epidermal Tao et al., 2002 Widelitz et al., 1996 expression is involved in dermal condensation formation via its chemotaxic effect on fibroblasts ( ; ; FGF-2 Song et al., 1996 Song et al., 2004 ). Of the BMP family, inhibitor of feather formation, three members are expressed in the feather primordium domain: Viallet et al., 1998 BMP-2, BMP-4 and BMP-7, where BMP-2 and -4 belong to the same subgroup ( ). is initially expressed in the Miyazono et al., 2005 BMP-2 epidermis, and later restricted to the placode and dermal condensation ( ). transcripts are detected only in the Noramly and Morgan, 1998 BMP-4 forming dermal condensation ( ). is expressed throughout the epidermis before placode formation and is Noramly and Morgan, 1998 BMP-7 subsequently restricted to the primordium, in both dermis and epidermis ( ). expression comes on earlier than ( Harris et al, 2004 BMP-2 BMP-4 ) , and later than ( ). The transcriptional regulation of and expression in Houghton et al., 2005 BMP-7 Harris et al., 2004 embryonic skin is still unknown. is expressed in the epidermis under the control of an unknown dermal signal, whereas its dermal BMP-7 expression is regulated by the canonical Wnt pathway from the placode ( ). Harris et al., 2004 The BMP pathway is currently considered as an inhibitor of feather ( ), as well as hair ( ), or tooth Jung et al., 1998 Botchkarev, 2003 formation ( ). The application of BMP-4 coated beads on explanted chick HH28 (E6) dorsal skin inhibits adjacent feather Pummila et al., 2007 bud formation ( ). In addition, over-expression of in the chick embryo dorsal skin, via infection with RCAS virus, leads Jung et al., 1998 BMP-4 to the formation of glabrous areas ( ). However, the different studies addressing the role of BMPs in feather Noramly and Morgan, 1998 formation are contradictory. The application of BMP-7 coated beads inhibits feather formation ( ), whereas its expression has Patel et al., 1999 been shown to be required ( ). Likewise, an ectopic feather forming dermis can be obtained in two opposite ways: by the Harris et al., 2004 inhibition of BMP pathway in the mid-ventral apterium ( ), or by a BMP-4 coated bead in the dorso-scapular semi-apterium Fliniaux et al., 2004 ( ). These apparently contradictory results might be explained by spatial factors, as the molecular mechanisms responsible for Scaal et al., 2002 the establishment of the dermis in the back and the ventral region are different ( ; ). With Fliniaux et al., 2004 Olivera-Martinez et al., 2002 respect to the contradictory results for the back region, it is interesting to note that different concentrations of BMP are used. BMP-7, initially occurs throughout the follicular domain, it shifts rapidly to a peripheral ring when the placode is formed ( ), Patel et al., 1999 while is restricted to the interfollicular domain ( ). A recent study has proposed the Eda/Edar pathway as BMP Drm/Gremlin Bardot et al., 2004 antagonist for hair formation ( ), but in chick these molecules are expressed after ( ). Pummila et al., 2007 BMP-2 Houghton et al., 2005 Altogether, the expression of BMP target genes and the absence, or the transient expression, of BMP inhibitors in the follicular domain, as well as the importance of the BMP amount delivered experimentally, indicate a more nuanced role for the BMPs.
In order to investigate the nuances of the role of BMP signaling in embryonic skin we examined three different aspects of BMP signaling and dermal condensation formation in chick. Firstly, we investigated the expression of another set of downstream targets of BMP in vivo signaling, the Id genes ( ), known to modify cell differentiation ( ; ; Hollnagel et al., 1999 Kreider et al., 1992 Miyazono and Miyazawa, 2002 ). In chick, four Id genes have been reported ( ), and we studied their expression in skin. Ogata et al., 1993 Kee and Bronner-Fraser, 2001 Secondly, we addressed the issue of dermal fibroblast behavior. For the transition from a dense dermis to the dermal condensation, in vitro fibroblast migration ( ) and Fibronectin have been implicated ( ; ). Alternative splicing of Mauger et al., 1982 Chuong, 1993 Michon et al., 2007 has been identified as a key regulator of Integrin affinity in CHO cells, with the EIIIA domain modulating the Fibronectin/Integrin Fibronectin interaction ( ). Another role of the EIIIA domain is its ability to induce the G1-S transition by promoting adhesion on 5 1 Manabe et al., 1997 α β
Integrin (
). We thus studied the changes in the domain expression during dermal organization. Thirdly, we Manabe et al., 1999 EIIIA established a mathematical model based on an activation/inhibition diffusion Turing system ( ), that takes into account the in silico Turing, 1952 new parameters of cell density and migration. Our numerical simulation was in agreement not only with our current biological experimental results, but also explained previous apparently contradictory results ( ; ). Jung et al, 1998 Noramly and Morgan, 1998 We showed that instead of acting as inhibitors of feather formation, BMPs play several roles, from the regulation of dermal condensation formation to the continuation of feather morphogenesis.
Materials and methods

Materials
Fertilized eggs (JA957 strain, St Marcellin, France) were incubated seven days at 38 C until the embryos reached Hamburger Hamilton°s tage 29 or 30 ( ). rhBMP-2, rhBMP-7 and rhFGF-2 were purchased from R&D Systems Europe. Hamburger and Hamilton, 1951 Organotypic skin culture in vitro Seven-day chick embryo (stage HH29 or 30) dorsal skins were dissected as a single piece starting from the wing to the femoral level. They were cultured as previously described ( ). For local application, 150 to 200 m diameter Affi-gel Blue beads (Bio-Rad) were Michon et al, 2007 μ soaked into PBS or rhBMP-7 (concentrations specified in figure legends) and then placed on the explants.
Dermal fibroblast culture in vitro
The dermis was separated from the epidermis after Trypsin 1.25 /Pancreatin 4 (Sigma-Aldrich) treatment, then mechanically dissociated % % into a single cell suspension. Cells were used for RT-PCR, adherent cell culture, cell migration assay or micromass formation. To evaluate the cell migration, 25.10 cells were used for each condition in the Innocyte cell migration assay (VWR International) ( ). The 4 Lauffenburger, 1996 migration was measured after 10 hours by Calcein-AM dye. Fetal Bovine Serum was used as an attracting factor for cells as a positive control.
The micromass culture was performed as previously described ( ). Michon et al., 2007 
FACS analysis
HH29 and HH30 chick embryo dorsal skins were dissected in medial and lateral parts separated of lateral ones. Obtained dermal cell suspensions were fixed in cold ethanol (2.10 cells/ml). Cell aggregates were broken mechanically and cells were labeled in 0,1 NP40, 6 % inserm-00334722, version 1 -27 Oct 2008 0,1mg/ml RNAse A, 50 g/ml Propidium Iodide (Sigma). Cells were rinsed in PBS and analysis performed with CellQuest Pro software μ (Becton Dickinson). 
Molecular Biology
Results
The BMP pathway appears implicated in early feather primordium formation As the two femoral feather tracts of the same embryo develop synchronously on the left and right sides, it is possible to compare gene expression timing (
). Feather rows were numbered accordingly to the order of appearance. The femoral tract has seventeen Houghton et al, 2005 rows, fifteen proximal to the first one. Distal to the first row, a discontinuous line of expression which gives rise to the third row occurred. This third row forms the boundary between femoral and zeugopodial tracts, which are on each side of a semi-apteria. The expressions of and BMP-2 in the corresponding feather primordia of the left and right halves of the same embryo were compared at HH30 (n 6/6 for each BMP-7 = comparison). In the second row of this tract, was expressed in only two feather primordia ( ), instead of in five primordia for BMP-2 
BMP-2 and BMP-7 have opposite effects on dermal fibroblast migration
In order to distinguish the role of BMP-2 and BMP-7, we quantified their effects on migration through a membrane under various conditions ( ). Two kinds of controls were performed. First, we used the basic medium with or without 10 Fetal Bovine Serum (FBS) Fig. 2 % which has a known chemoattractive effect. Secondly, we added FGF-2 to the basic media, which is known to have a positive chemoattractive effect on dermal cells ( ). Each result, done in triplicate, was measured relative to the cell migration obtained with the basic Song et al., 2004 medium containing FBS (100 ). Without FBS, cell migration decreased to 50.1 (p<0.001). FGF-2 activated cell motility, both in presence (
11.9 , p<0.01) or absence ( 10.7 , p<0.01) of FBS. Interestingly, BMP-7 had an even stronger effect than FGF-2 at 22.2 (p<0.01) in the
presence or 20 (p<0.01) in the absence of FBS, while BMP-2 had an inhibitory effect on migration: 18.7 (p<0.01) with and 11.9
+ % − % − % (p<0.01) without FBS. Combining BMP-2 and BMP-7 in the same medium cancelled out the effect of each factor on dermal cell migration: the difference between the chemotactic effect of both BMPs or only BMP-7 was striking: 24.1 (p<0.02) with and 18.9 (p<0.01) without − % − % FBS. Our assay was independent of extracellular matrix, but there might be interactions between the BMPs and the in vitro in vivo, extracellular matrix.
BMP-2 modifies the and expressions EIIIA Fibronectin domain 4-Integrin
Analysis of the domain in chick embryo dorsal skin showed a lack of expression in fully-formed dermal condensations at EIIIA Fibronectin HH29 , whereas its expression was high in areas where the dense dermis was still undergoing organization ( ). At HH30, there was a
lateral expansion of domain expression and a slight decrease of expression in the interfollicular domain of the first rows formed ( EIIIA Fig. 3B ). To analyze the timing of the loss of the domain expression, we compared the timing of its expression with (n 9/9). Whereas EIIIA BMP-2 = inserm-00334722, version 1 -27 Oct 2008
was expressed in five primordia on the fourth row ( ), the loss of expression occurred only in two primordia of the same BMP-2 Fig. 3C EIIIA row ( ). Furthermore, a strong expression was detected at the distal boundary of the tract close to the third row which has started to form. Fig. 3D The expression of thus preceded the alternative splicing of the BMP-2 EIIIA Fibronectin domain.
To study the alternative splicing of we have used freshly isolated dermal cells in two complementary methods. In order to mimic the EIIIA, formation of dermal condensations by dispersed fibroblasts, we used the micromass method ( ) to follow cell in vitro Michon et al, 2007 aggregation for 3 days. Semi-quantitative RT-PCR (n 3) were performed in order to follow and expressions ( ). There modulate Fibronectin/Integrin interaction, but also to be implicated in the control of cell proliferation ( ), we wanted to Manabe et al., 1999 quantify the population of cycling cells in the dorsal skin before and after dermal condensation formation.
Cell proliferation in the chick embryo dorsal skin at HH29 and HH30
Cycling cells have been previously localized in the interfollicular dermis and not in the formed dermal condensation (Rouzankina et al., ; ). We studied cell proliferation during dermal condensation formation in chick embryo dorsal skin from HH29 to HH30. Wessells, 1965 At these stages, the dorsal skin can be divided into three parts: the medial part, carrying the first dermal condensation at HH30, and two lateral parts, surrounding this ( ). The proportion of cycling dermal cells in each part was determined via flow cytometry ( ). At 
Mathematical model for dermal condensation formation and patterning
Our results allowed us to build a new mathematical model for feather primordia formation which included cell proliferation and cell migration, regulated by BMP-7 and BMP-2 expressions. The model for BMPs dynamics was inspired by activator-inhibitor model proposed by
Gierer and Meinhardt ( ). Cell migration is given by a chemotactic term as in previous studies ( Gierer and Meinhardt, 1972 Cruywagen et al, ;
). BMP-7 is an activator of feather primordium formation via its effect on chemotaxis and cell recruitment, whereas Painter et al, 1999 BMP-2 counteracts the positive effect of BMP-7 on cell migration. Another important issue is that the model can be run from initial conditions consistent with the situation in the chick embryo dorsal skin at HH29. in vivo
The mathematical model described the spatiotemporal dynamics of four variables:
and in a two dimensional space . The dermal n n , u 1 2 v Ω cell population, which concentration is noted ), was divided into two subpopulations (cycling cells), and (migrant cells), n (n = n 1 +n 2 n 1 n 2 u and represent the concentration and cellular effect of BMP-7 and BMP-2. v
Cellular dynamics
cells proliferation is modeled by a logistic growth function where is the proliferation constant and the maximal cell population. n 1 k p N n 1 proliferated until they reached a threshold of cell density at the time . After the concentration overcame the threshold, cells progressively n* t* n 1 stopped proliferating and became able to migrate. This transition is determined by a differentiation constant . For cells, the migration were made of a linear degradation part (with constants and ) and a production part. The production part for each chemical was constructed k u k v so as to respect the qualitative regulation between them. As they are synthesized by cells, production terms are also taken proportional to . n 2 n 2
We have:
and are positive constants. c , c , c
Production terms stated that expression was reinforced by spot (dermal condensation) microenvironment. Its chemotactic effect BMP-7 
Resulting model
The simple dynamics for cells allows the exact computation of ( ). If is defined as a fraction of the maximal cell density n 1 n 1 x, y, t n* Q N, , we have: for ( ) and then ( ) ( . ( ) is n* = QN t ≤ t* x, y n 1 x, y, t = n* e k d t *− t ) t* x, y given by: . This allows directly expressing the production term of cells as a n 2 delayed production term and reducing the model as follow:
Numerical simulations
The calculations were made using the software COMSOL Multiphysics 3.2 and the finite element method using squared meshes. We © took 1,1 0, 1 and the parameters in . Table S1 For the sequential spots appearance numerical experiment the initial situations for and are given by: ( ) 0. 
Dermal condensation formation obtained with numerical resolution
The result of running the simulation was the formation of a pattern of spots that closely resembles the feather pattern: a medial first in vivo row followed by the lateral formation of new rows leading to a hexagonal pattern ( ; ). Based on previous pteryla before and during the primordium formation in the model parameters. For the formation of a hexagonal pattern, the cell density threshold ( 2.6) and its repartition between primordium ( 5.5) and interfollicular ( 1.5) was in accordance with the observations. N= n= n= in vivo
For the feather tract formation, a cell density threshold (q 1) was required ( ). Under this threshold (q 0.2 to 0.12), the pattern formation , 1996 are indicators that the positive effects of the BMP pathway are required for feather morphogenesis. In this study, we propose antagonistic roles for BMP-7 and BMP-2, during feather primordium formation. BMP-7 appeared to act as a chemotactic factor for dermal fibroblasts, this effect of BMP-7 has been described as well on human mesenchymal stem cell ( ). BMP-2, which is expressed later, appeared to arrest Lee et al., 2006 the migration, slowing down cell recruitment to the condensation. The later expression of in the dermal condensation ( BMP-4
Noramly and ) could also act in the arrest of cell migration due to its redundant activity with BMP-2. As previously suggested in the osteogenic Morgan, 1998 differentiation ( ), the concomitant presence and modifies the effect of each factor on cell Hazama et al., 1995 of BMP-2, BMP-4 BMP-7 migration. We propose the BMP pathway as regulator for both the formation of the dermal condensation, and the expression of and Id Msx genes which allowed the continuation of feather morphogenesis.
The different effects of BMP-7 versus BMP-2 and -4 might be linked to the activation of different receptors. Previous studies propose a direct link between cell migration and Activin receptor (ActR) activation in keratinocytes ( ). BMP-7 activity is mediated by Zhang et al., 2005 its fixation on Activin type I and II receptors (ActR-I) ( ), (ActR-II) ( ). These mechanisms involving Miyazono, 1999 Sebald and Mueller, 2003 Rho-GTPases, which are required for fibroblast migration ( ), they could thus be responsible of dermal cell chemotaxis. By Michon et al., 2007 contrast, BMP-2/-4 activity is mediated by their fixation on BMP type I and II receptors ( ), and negatively affects cell Botchkarev, 2003 inserm-00334722, version 1 -27 Oct 2008 migration in at least three manners. First, as BMP-2 in primary cultured dermal fibroblasts regulated the alternative splicing of theEIIIA domain of Fibronectin, we suggest that it might have a similar role . Indeed, the skin expression pattern of reflects the state of in vivo EIIIA dermal organization: formation of dermal condensations (loss of expression) and cell proliferation and migration expression). EIIIA (EIIIA Although there is an increase of Fibronectin deposition in the dermal condensation ( ; ), is spliced Mauger et al., 1982 Michon et al., 2007 out in this area. Second, the loss of in dermal condensation correlates, as previously shown in other organs ( ; EIIIA Manabe et al., 1999 Manabe ) , with a modification of cell migration and cell proliferation. Indeed, the decrease of expression is concomitant with absence et al., 1997 EIIIA of cycling cell in the dermal condensation ( ; ), and could reflect an indirect role for the BMP-2 pathway Chuong, 1992 Wessells, 1965 on cell cycle regulation in the feather primordium. Third, BMP-2 might also regulate the cell migration via a direct effect on Integrin expression. Here we have shown an up-regulation of expression by BMP-2. Likewise, BMP-2 modulates the expression of 4-Integrin and expression could explain the rapid effect on primary dermal cells that we observed in our cell migration assay. Thus, the Integrin expression of in the dermal condensation microenvironment could explain the arrest of dermal cell migration, through the modulation BMP-2 of adhesion factors.
We propose a new view of BMPs and dermis organization, which is consistent with previous results, although not with their interpretations. It consists out of three major steps; dermal cell migration, follicular domain delimitation, and establishment of follicular domain identity ( ). Initially there is a limited proliferation along the dorsal midline until a critical cell density is obtained. Then, the molecular Fig. 8 dialogue between epidermis and dermis, which leads to primordium formation, can start. Activation of -catenin in the epidermis ( , 1998 Harris et al., 2004 Song et al., 2004 cells to the placodal area by their chemoattractive effects. Then, the dermal expression which is regulated by a placodal Wnt signal ( of BMP-7, ), enhances this process. The expression, in placode and then in dermal condensation ( ), Harris et al., 2004 BMP-2 Noramly and Morgan, 1998 could modify dermal expression and regulate splicing of both events leading to a decrease of dermal cell migration capabilities, Integrin EIIIA, signifying the second phase of follicular domain delimitation. Two other facts contribute to the limitation of the feather primordium diameter.
The induction by BMP-7 of expression ( ) leads to lateral inhibition of BMP signaling, that is reinforced by the Follistatin Patel et al., 1999 expression of in the interfollicular domain ( ). Finally, the induction of the Notch system, after Drm/Gremlin Bardot et al., 2004 BMP-2 expression (Michon, unpublished data) , stabilizes ( ) the follicular domain identity by strengthening its boundaries. Chen et al., 1997 Consistent with these processes, we propose a mathematical model that includes cell proliferation and cell migration by chemotaxis. Our model is still far less intricate than reality. It is a single layer model, which did not take into account the first epidermal impulse, or its BMP-7 role in the stabilization of the formed structures. We also did not take into account a potential heterodimerization between the BMPs. In our model, we have attributed a chemoattractive role to BMP-7 and an arrest role of this chemotaxis to BMP-2. It closely mimics the sequential hexagonal pattern formation observed and clarified the relation between cell densities and spot formation, which was hinted at in in vivo previous experiments ( ). Moreover, we showed that the difference in cell density that is required to switch from the in vitro Jiang et al., 1999 formation of spots to a glabrous area is small (9 ). Our mathematical model can also explain our as well as the previous biological results % which have concluded that BMP factors act as inhibitors. The use of a point source of high concentration of activator, which induces an over-recruitment of cells, creates an area without the required cell density for dermal condensation formation, and thus mimics the nude area around a BMP-7 coated bead, that was previously interpreted as an inhibitory effect ( ). Our model explains this result as an Patel et al., 1999 over-activation of chemotaxis. Other biological results which were reproduced by our model are the RCAS-BMP-2 skin infection (Noramly ) , the use of BMP-2 coated beads ( ), and the addition of BMP-2 in the culture medium (our own and Morgan, 1998 Jung et al., 1998 experiments). All these methods led to the homogeneous over-activation of in areas which then stay glabrous. Our simulation showed BMP-2 that a local or homogeneous high concentration of the factor that arrests cell migration led to the formation of a glabrous area. Our simulations were specific for BMP over-activation. Although, our model can partially explain the effects of FGF-4 coated beads on chick skin, i.e. the appareance of the typical small inhibition ring around the bead (chemotaxis), it cannot explain the feather bud fusions caused by transformation of interbud region in bud region ( ; ). Jung et al., 1998 Widelitz et al., 1996 Our main conclusion is that different members of the BMP family play at least two important roles in chick dermal condensation formation. Firstly, epidermal, then dermal BMP-7 activates the migration of dermal fibroblasts to the appendage domain via chemotaxis; secondly, epidermal, then dermal BMP-2 stops the migration, probably by regulating and expressions. This effect, later Integrin EIIIA reinforced by expression of in the dermis, may lead to the limitation of the dermal condensation size. Moreover, the activation of target BMP-4 inserm-00334722, version 1 -27 Oct 2008 genes such as the and families suggests a subtle cell transcriptome regulation in the primordium, due to the transcriptional inhibitor role Id Msx of Id factors ( ; ), and the transcriptional activator role of Msx factors ( ; Kreider et al., 1992 Miyazono and Miyazawa, 2002 Lallemand et al, 2005 during the continuation of feather morphogenesis. Ramos and Robert, 2005 Figure 1 Some BMP pathway factor expressions during feather primordium formation(A D) -The left and right femoral tract of the same HH30 embryo were compared, the numbers correspond to the order of appearance of rows. The second row (R2) had only two feather primordia expressing ( ), whereas five expressed ( 
Figure 2
Comparative effects of BMP-2 and BMP-7 on dermal fibroblasts cytokinesis
Figure 3
The Fibronectin exon EniA was involved in dermal organization Chick embryo dorsal skin. At HH29 , was expressed in the periphery (red arrow) of the first feather primordia, as well as in two (A B) -+ EIIIA ribbons on either side of the first row (black arrows) ( ). At HH30, the transcripts were expressed in the periphery of primordia and in two A EIIIA ribbons (black arrows) on either side of feather rows, while there was a slightly decrease of its expression in the three first rows (red arrow) ( ). Sequential appearance and patterning of spots with mathematical simulation The resolution of the model led to the formation of a primary migrating cell midline ( ). The redistribution of these cells, via chemotaxis, led to A the formation of spots, while laterally new cells started to migrate ( ). The lateral expansion of the pattern was due to migrating cells under both B chemotactic and arresting factors ( ). At the end of the simulation, the hexagonal pattern occurred all over the modeled domain ( ). C D Cell density is represented in false colors.
Figure 6
The progressive increase of the cell density correlated successively with the formation of an apterium, a semi-apterium and a pteryla The pteryla was characterized by a regular pattern ( ). The decrease of cell density (q) to 0.2 ( ) and 0.12 ( ) led respectively to an irregular A B C pattern as at the boundary of a pteryla and a semi-apteria. The switch from spot formation to a glabrous region ( ) implicated only a small D difference in cell density (q 0.12 versus q 0.11).
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Figure 7
Over-activation of chemoattraction led to similar results with mathematical simulation and organotypic culture Simulation of a local pulse of activator led to the formation of an accumulation of cells, surrounded with a ring of inhibition. The size of (A C). 
Figure 8
Model of dermal condensation formation in dorsal chick embryo skin The chronological events from dense dermis to stabilized dermal condensation require a molecular dialogue inter-and intra-tissular in the skin (see the text). Note that the placodes are larger and earlier than the dermal condensations ( ). This model only took into account the Dhouailly, 1984 BMPs as well as a few other important genes among those expressed in embryonic skin.
